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ABSTRACT 
ERTS-I imagery i s  being used i n  an attempt t o  d i f f e r e n t i a t e  b e t ~ s s n  
mine dumps having vary ing degrges o f  vegetat ive cover. A t  t h i s  stage i t  
i s  c lear  t h a t  the various mine dumps can be locdted and i d e n t i f i e o .  D i f -  
forences i n  vegetat ive cover can be seen and measured. Pat terns o f  vege- 
t a t i v e  growth, some charac to r i s t i c  t o  p a r t i c u l a r  dumps, can also be 
seen. I t  i s  there fore  ten59t ive ly  concluded t h a t  mine dumps can be d i f -  
fe rent ia ted w i t h  rerpect  t o  t h e i r  vegetat ive cover on the imagery re-  
ceived t o  date. Subsequent imagery showing seasonal var ia t ione should 
f a c i l i t a t e  t h i s  program. 
1. INTRODUC'TION 
For roany year8 the  economy o f  So l~ th  A f r i c a  w4o hssv i l y  depenclent 
upon mining a c t i v i t i e e .  Orla o f  the  aftermath8 o f  eucb activities has 
been the devrloprnent and growth o f  mine t a i l i n g s  dumps. Theae dump8 can 
be d iv ided i n t o  two broad categorier, namely eand8 dump8 and alamoa dame, 
Sanda dunpa a n  mounda 09 cruahrd rock m r t r r i a l ,  I n  t ime t h r  
minr ra la  arm l rach rd  out, l r a v i n g  no b ind ing p r o p r r t i r a .  Thr r r a u l t a n t  
aubatancr brcomra a i m i l a r  t o  r i v r r  rand, w i t h  no n u t r i r n t  va lur  and i a  
lrft ea en i n r r t  and inhoap i tab l r  modium f o r  p l e n t  growth, DSlimrn 
r o l i d u r a  conaiat o f  a  vary f i n r l y  ground a i l i c i o u a  rock, From 8 botani-  
o a l  p o i n t  o f  v i w ,  cyanidrd a l imra a m  i n i t i e l l y  nonioua, bu t  w i t h  
wrathrr inp, noxiour p m p r r t i r a  diaapprmr from t h a  dema, Tho o m r  fron 
whioh thear t r i l i n p a  a m  d r r i v r d  contain p y r i t r ,  which w i t h  wra th r r i ng  
oontinuoualy t r n d  t o  rnaintein a c i d  cond i t ionr  on t h r  dump. 
I n  n c r n t  t i m a ,  r t t r n t i o n  ha8 barn d i m s t r d  t w a r d a  minr  duma am 
b r i n g  ~ r t r i m m t a l  t o  the  rnvi ronmmt,  For a: .rmplr, t h r  W i tws t r r r r rnd  
d r r i v r a  i t a  w e t r r  f r o m  onr major r i v r r ,  tho  Verl.  P o l l u t i o n  o f  a t n a m  
i n  the W i t w a t r n r m d  a y a t m  from minr dunpa a f f r c t a  t h  Veal brcauar 
t h r  minra rru l r r g r l y  r i t u r t r d  i n  i t 8  oatohmrnt armr. 
Thm g m i n g  w n c r r n  o v r r  t ho  problem o f  p o l l u t i o n  l a  r xp r raa rd  i n  
t h r  A tmo~phr r i c  P o l l u t i o n  P r o w n t i o n  Act (Act No. 45 o f  18851, Saction 
32 o f  t ha  r o t  a p p l i r 8  mpao i f i ca l l y  t o  tho  mining industry. Tho a i r  and 
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water p o l l u t i o n  from the  dumps may be l a r g e l y  prevented by ensuring 
t h a t  a  vegetat ive growth covers the  e n t i r e  mins dump. I n  the years f o l -  
lowing tbe  promulgation o f  the act,  the annual expenses i ncu r red  by the 
Chamber o f  Mines o f  South A f r i c a  i n  promoting the growth o f  vegetat ion 
on mine dumps have grown s t e a d i l y  end t o t a l l e d  S l y  f o r  the  year 1969. 
This amount does not  inc lude expenditures by mines which are not  members 
o f  t he  Chamber. 
The growth o r  dec l ine  of vegetat ive cover on mine dumps has t o  date 
been monitored by both a s r i a l  photogr3phy and s i t e  v i s i t s .  The l a t t e r  
i s  usua l ly  p re fe r red  because o f  the expense o f  the  f o r r ~ e r  and the  
greater  accuracy o f  t he  l a t t e r .  On the  o ther  hand, because o f  the geo- 
graphic separat ion o f  the mine dumps (sea f igure  11 s i t e  v i s i t s  are i n -  
convenient and d i f f i c u l t  t o  co-ordinate. 
FIGURE 1 
-- 
Geographical d i s t r i b u t i o n  o f  m a j o r i t y  o f  mine dunps i n  
South Africa 
ERTS-1 imagery i s  bsing used i n  an attempt f i r s t l y  to d i f f e r e n t i a t e  
between mine dllmps having varying degrees of vege ta t ive  cover,  and s e -  
condly t o  monitor t he  growth o r  dec l i ne  of th$s cover on ar,y s e l ec t ed  
dump. Two ERTS-1 images [1049-07301 and 1050-073551 t h a t  inc lude  p a r t  
of t he  mair, m!.nc dump a r ea  have been received t o  da t e ,  and have been 
analysed boch quz:itatively and q u a n t i t a t i v e l y .  The r e s u l t s  a r e  des- 
cr ibed below. 
2. CLASSIFILnTION OF VEGETATIVE COVER ON WINE DUllPS 
Six mine dumps w e r e  se l ec t ed  f o r  i n t ens ive  s tudy.  T h i s  selectLen 
was done by preparing a mcsaic of t h e  Witwatersrand Mine Dump Complex 
from black and white Trigonometricel Survey photcgrapt,y and rephctc-  
graphing a t  a  s c a l e  of 1:250 000. Pa r t  of t h i s  mosaic i s  shown i n  f i -  
gure 2.  A sho r t  list of dumps expected t o  be wel l  resolved on t he  
ERTS-1 imagery was compiled from t h i s  reduced mosaic. Ground obse~.va- 
t i o n  of a s e l ec t i on  of t he se  dumps was then undertaken and t he  vegeta- 
t i o n  cover inves t iga ted .  
A vegetat ion s c a l e  was compiled i n  o rde r  t o  c l a s s i f y  t h e  mine dumps 
i n t o  ca tegor ies .  This c l a s s i f i c a t i o n  i s  shown i n  t a b l e  1. One " c a l i -  
b ra t ion"  dump of each category was s e l ec t ed  f o r  d e t a i i e d  ana ly s i s  on t he  
ba s i s  of s i z e  I l a rge  a s  pos s ib l e ) ,  homogeneity (uniformity of \ legetation 
d i s t r i b u t i o n  over  t h e  top  s u r f a c e ) ,  and con t r a s t  (wi th  respec t  t o  t he  
adjacent  environment]. Tha dumps s e l e c t e d  a r e  l i s t e d  i n  t h e  l a s t  column 
of t a b l e  1 ,  and a r e  i d e n t i f i e d  using t h e  n u h e r i n g  system developed k y  
t he  Chamber of Nines. 
3. QUALITATIVE ANALYSIS 
Q u a l i t a t i v e  i n t e rp re t a t i on  was performed using a  colour  composite 
p r i n t  prepared of image 1049-07301 with MSS bands 4,s and 7 shown i n  
b:m, green and red respec t ive ly .  A black and white  p o s i t i v e  image pre-  
pqrod from t h i s  colour  composite is  shown i n  f i g u r e  3. Although much 
d ~ ~ a i l  of t he  colour  presen ta t io r ,  has been l o s t  it can be seen t h a t  e s -  
s e ~ t i a l l y  a l l  of t h e  l a r g e r  mine dumps presen t  i n  t h e  a e r i a l  photography 
mosaic of f i g u r e  2 can be de tec ted  and i d e n t i f i e d  on t h e  ERTS-1 image. 
This azhieves t h e  f i rs t  aim of ERTS-1 proposal SR-05:'. 
Furthermore, t h e r e  is  a good q u a l i t a t i v e  r e l a t i o n s h i p  between t h e  
ca t sgo r i e s  of t a b l e  1 and t h e  mine dumps imaged i n  f i g u r e  2 ,  with t h e  
r,nre densely vegetated dumps (1.e.  those  f a l l i n g  i n  c a t ego r i e s  4 anu 51 
appearing darker  than t he  unvegetated dumps ( thosu  f a l l i n g  i n  c a t ego r i e s  
0 and 11. I n  addi t ion ,  vege ta t ion  p a t t e r n s  a r e  v i s i b l e  on t he  ERTS-1 
imagery whlch a r e  i n  good agreement with ground trclth, 1.8. w i t h  pa t -  
t e r n s  observed on a i r c r a f t  o v e r f l i g h t  photography. This can be seen by 
comparing f i g u r e s  3 and 4 .  
This agreement between ERTS-I imagery and ground t r u t h  I s  en- 
couraging, p a r t i c u l a r l y  s i n c e  ERTS-1 image 1049-07301, was gathered i n  
FIG. 2 : Aerial photography mosaic o f  West Witwatersrand a rea  
-
FIG. 3 : Pert o f  EHTS-1 image No. 1049-07301 
-
Mine dmp 1/L/38,39 Nine dump 3/L/5,6 
FIGURE 4_ 
TABLE I 
I 
i O l  Na v e g e t a t i o n  c c v e r  I 5 / i / 2 9  3/L/5 ( E a s t  , S i d e )  
Exawit i  o f  
ziump i n  t h i s  
I"ggeta- 1 
i i o n  
r a t e -  Descr ip t ion  o f  Degree ~f  Vege ta t ive  Cove? 
gory 
I 
I I 
i 
t
1 2 1  A poor cover  o f  p l a n t s  r e q u i r i n g  cont inuous a t -  t e n t i o n .  EX& isj ve " s o i l "  exposure.  
.9 ver!, smal l  p l a n t  comnunity. u s u a l l y  c o n s t a n t -  
l y  'farmed" by f e r t i l i z i n g ,  wa te r  s p r a y i n g  and 
.F '.t,ngw . 
6/L/20 
I 
3/L/5 
Side1 
A reasonab ie  c o v e r  of  vege ta t ion  r e q u i r i n g  oc-  
c a s i o n a l  a t t e n t i o n  and f e r t i l i z i n g  w i t h  a  
n u h e r  of  " s o i l "  c x p o s u m s  on smal l  arees o f  
I 7/L/1 
high a c i d i t y .  I 
4 
September whe;~ t h e  mine dump v e g e t a t i o n  is, g e n e r a l l y    pea king, i n  p c o r  
uor.dition. Even b e t t e r  aereement is  a n t i c i p a t e d  f o r  imags-y g a t h e r e d  
dur ing  t h e  s p r i n g  and sunmer mc, I t  t ' 11s. 
i 5 
A good cover  o f  vege ta t ion .  probilbly s e l f -  
s u s t a i n i n g ,  w i t h  on ly  a  few " s o i l "  exposures  
on smal l  a r e a s  o f  l o c a l l y  high a c i d i t y .  
1/L/40. 
.i/L/41 
A ; robably s e l f - s u s t a i n i n g  p l a n t  and tree corn- 
a u n i t y  over  iOOS o f  t h e  dunp s u r f a a .  ?;A/20 
A n l l A h l T T T A T T \ I F  ANAI  VCTC 1. ~ " , , n . , * , , , . - . -  .... .-.--- 
Densitometric measurements were mode on black and white negatives 
enldrged t~ ?: I60 J00 scale o f  various mine dumps on the ERTS-1 imsge. 
The density readings are recordsd i n  tab le  2. The 95% confidence l i m i t s  
on the mean density readings ind ics te  the precis ion o f  the analysis. 
TABLE 2 
Dsnsity readings on m2ne dunps imaged on 1:160 000 scale negatives 
rThe mean values f o r  Band 4 show 95% confidence l i m i t s  based ur 
nine independent enlargements o f  a s ing le  70 mn pos i t i ve )  
P lo ts  o f  image density versus wavelength (ERTS-1 bana ?umber) were 
prepared csing the vegetation categories o f  tab le  1 and the densitometry 
o f  tab le  2. These p l c t s  are shown i n  f igures 5 and -. 
Figure 5 shows a good separation between the density readf-gs f o r  
vegetation categories 0. ?, 4 ar.d 5. Consequently i t  i s  ant ic ipated 
tha t  mine dunps f a l l i n g  i n t o  these categories should be iden t i f i ab le .  
However, a number o f  anomaiies require f u r t he r  study. For example. the 
density readings f o r  dump 5/L/29 [see t sb le  21 are 1;w camparad t o  thosw 
f o r  dunp 3/L/5 which f a l l s  i n  the same vegetation category. Although 
t h i s  anomaly i s  being invest igated no sat is factory  explanation has yet 
been found. 
Vegetation 
Category 
0 
1 
2 
3 
4 
5 
The density readings obtained f o r  vegetation categories 2 and 3 
were a t  f i r s t  thought t o  be ctnwelous. since t h e i r  plots, which are 
shown i n  f i gu re  6, d i f f e r  =onsiderebly i n  shape ?ran those o f  f i gu re  5. 
However. invest igat ion i n t o  the records o f  the Chamber o f  Nines Vegeta- 
t i o n  Progrm revealed tha t  i r r i g a t i o n  had been car r ied  out on these 
Mine Dump 
5/L/29 
3/L/5 (East) 
3/L/5 (West1 
6/L/20 
7/L/1 
1/L/40, 41 
1/A/20 
- 
Image Density 
Band 7 
1.03 
1,28 
1.33 
Band 4 
1.13 + 0.02 
1.39 2 0.05 
1.30 2 0.02 
0.97 + 0.01 
0.7E : 0,02 
0.84 : 9.02 
0.67 * 0.02 
Band 5 
1.25 
1.51 
1.38 
Band 6 
1.27 
1.61 
1.50 
0.82 
0,68 
0.84 
0,69 
1.10 0.97 
1 ,O? 
0.89 
0.74 
0.91 
0,SO 
0.69 
Density vs Band Number 
[Ve: - -a t ion  Categori 9s 
il.1.4 and 51 
1 
Oenaity vs Band Number 
[Vegetation Categories  
2 and 31 
1 
dunps p r i o r  t o  t h e  da t e  on which t h e  ERTS-1 imager, waa gatherod. The 
r e f l ec t ance  p rope r t i c s  o f  t h e s e  dunpa were conaeqwnt ly  changed q u i t e  
~ r k e r l i y  by t h e  r e s u l t i n g  vigorous growth o f  vegetat ion.  Clear ly  coq- 
~ i s ~ n c s  w 1 1 3  have t o  be token o f  such huabsndry p r a c t i c e s  dur ing  image 
i n t e r p r e t a t i o n .  
A f u r t h e r  aspec t  which requi rea  investigation is  t h e  change i n  
s p e c t r a l  p roper t lea  o f  any s e l e c t e d  mine dunp with aeaaon and time. Aa 
more ERTS-1 imagea gathered a t  d i f f e r e n t  t i m a  o f  t h e  yea r  becomo ava i l -  
able. i t  may be poaaible  t o  e r t n b l l a h  g8ignaturumg which w i l l  all=* t h e  
manitoring o f  growth or doe l ine  o f  begs ta t ion  I n  a g l m n  mine dunp. 
5. CONCLUSIONS 
It ha8 born found tha t  varioua mine durnpa csn be locatea and iden- 
t i f i o d .  Pattern8 o f  wgo ta t i ve  growth. aom charactor i r t  i c  o f  ps r t i cu -  
ls r  durps, can also be seen. Although s  number o f  anomalous featurea 
require f u r t he r  inveat igat ion.  good corre la t ion between the ve je ta t ive 
r ta tu8  o f  co r ta in  target  fane dwnpa and the corroeponding ERTS-1 RSS 
imgo ry  ham bqrn obaerwd. 
It I 8  t h a r r f o m  ten t s t i vo l y  conclilded tha t  mine dunpe can be 
d i f f o n n t i a t o d  w i th  respect t o  t h e i r  vegetative cover on these i n i t i a l  
inagor. It 18 hcped tha t  f u r t he r  ERTS imagery w i l l  confirm the above 
obsorvationr end tha t  i t  w i l l  ba poesible t o  accord t o  a l l  but  the 
mmllomt a f  tho mlno d q a  i n  the Witwstrrsrand Complex a  vego ta t iw  
w v r r  cetrgory a8 defined i n  teb le  1. Subsequent imagery ahowing 
8oa8onal variationm should f a c i l i t a t e  the pmgrem. 
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